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PREFACE

_ The Environmental Protection Agency (EPA) is promulgating revisions to 40 CFR Part-
61, Subpart R, National Emission Standards for Radon Emissions from Phosphogypsum Stacks.

' This Background Information Document (BID) has been prepared in support of the final
rulemaking. This BID contains an introduction, background of phosphogypsum, a general
~description of phosphogypsum, scope of the reassessment of risks to laboratory researchers,
reassessment of the risks from 700 pounds of phosphogypsum, the assessment of risks from
mulitiple activities in the same laboratories, and the summary of the reassessment. '
.. Copies of this BID, in whole or in part, are available to -all interested persons. For

additional information, contact Eleanor Thornton-Jones at (202) 564-9773 or write to:

Director, Radiation Protection Division
Office of Radiation and Indoor Air (6602])
U.S. Environmental Protection Agency
401 M Street, SW
- Washington, D.C. 20460
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Agency to recoasider the probibition of almenative uses. In 1990, the Agancy grantad s limited
- reconsiderstion of the phosphogypsum NESHAP., For the reconsiderstion rulemaking, the
w.mmmpduumnauwuwumuumw
mdmm&mhudmmhmmhmmmm
mbmm.munmuummmmmmm

. scenarios considered. Mumumuwwu.wmm\
- all alternative uses of phosphogypeusn was not necessary. Therefore, i promulgated amendments
to Subpart R, which allow phosphogypsum contaiaiag 10 CVg or loss radium-226 to be used in
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- provided a machanism for other uses 10 be appeoved oo & case-by-case besis. ~ |




- Citing unnecessary resgictions in the Agency's final rule, the Fertilizer Instituts (TFT), o behalf of
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. reconsiderstion is warranted. This reconsideration is limited to a reassessment of the risks for
research and development activities conducted in lsboratories and certain details of the moaitoring
and implemsatation requirernents. _

1.2 SCOPE OF THE REASSESSMENT OF RISKSTO LABORATORY RESEARCHERS

In the 1990-1992 recoasideration rulemaking, the Agency's risk assessment of research and
development activities coasidered the potential risks that would be incurred by researchers working
with phosphogypsum in a labocatory eavironment. Based on & scenaric where phosphogypsum is
coutinuously present in the lsboratory, the Agency found that exposure to the direct gamms '
radistion from the phosphogypsum and inhalation of radon and its decay products dominate the
potential risk. It also determined that limiting the total quantity of phosphogypsum used for &
single research and development activity to 700 pounds (a single S3-gallon drum) would assure the
safety of the rescarchers. The lifetime risks to a researcher from a single year of exposurs in the
laborstory, given 700 pounds of phospbogypsum with & Re-226 concentration of 26 pCi/g, were
estimated to be 9.1E-07 from sxposure to the direct gamsna radiation and 2.1B-0S from exposure
to radon and its decay products. :

In its petition for reconsideration, TFI contends that the scenario assumed by the EPA in assessing
the risks from laboratory exposures to phosphogypeum is uatecessarily conservative in that it
assurnes virmally complete release of all the radon ganerated in the phosphogypeum, a very small
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basic laboratory safety procedures. thﬂkmhﬂ#dem
wwwmummmnmmmwmdumam

Inli «mw.mwuﬂmm:mmm.mnmpm
ﬁmmmmmﬂummmm In




2. Reassessment Of The Risks From 700 Pounds Of Phosphogypsum

As the current NESHAP permits the use of 700 pounds of phosphogypsum, regardless of
radium-226 content, in a single research and development activity, the first step of the
reassessment is to correct the errors and overly conservative assumptions identified in the
previous assessment and re-estimate the risks from exposure to the direct gamma radiation
and to radon and its decay products. As exposure to radionuclides via inhalation of airborne
dust was shown not to be a significant contributor to the overall risk in the previous
assessment, the dust inhalation pathway is eliminated from this reassessment.

2.1 ASSESSMENT OF EXPOSURE AND RISK FROM DIRECT GAMMA RADIATION

The computer code MICROSHIELD (version 3. 13) was used to calculate the direct gamma

. exposure rate: The magnitude of the exposure and the resuiting risk from direct gamma - -
- radiation depend on the source strength, the source geometry, shielding, the distance from
the researcher to the source, and the duration of the exposure. As the NESHAP does not
limit the radium-226 content of phosphogypsum used in research and development activities,
26 pCi/g (the highest average radium-226 content of phosphogypsum (EPA89)) is assumed.
At 26.pCi/g radium-226, 700 pounds of phosphogypsum would contain about 8.3E-6 Cj of
-radium-226. As 700 hundred pounds of phosphogypsum is the quantity that can be contained
in a single 55-gallon drum, the dimensions of a 35-gallon drum ( ~60 cm diameter and 74
cm in height) are used for the source geometry. No shielding beyond that provided by the
phosphogypsum (buik density of 1.5 g/emy’), the 55-gallon drum (mild steel with a wall
thickness of 0.121 cm), and the air gap between the source and the researcher is assumed.
The distance between the researcher and the source is assumed to be 1 meter.

Based on these inputs, and using the Taylor method to calculate build-up, the
MICROSHIELD code estimates the gamma exposure rate to be about 2.5 yrem/hour.
Assuming that a researcher spends about half time in the laboratory (1,000 hours per year),
the resulting exposure would be 2.5 mrem/year. This estimate is the same as reported in
EPA92, and the resulting lifetime fatal cancer risk from a single year of exposure would be
9.1E-7. . :

22 ASSESSMENT OF RISK FROM INHALATION OF RADON AND ITS DECAY
PRODUCTS ' - '

The EPA uses an indoor exposure risk factor of 4.4E-8 per pCi/m’ for radon (EPA92). To.
- assessthe risk to researchers from radon and its decay products, it is necessary to define the
size and ventilation characteristics of the laboratory in which the activity is conducted, the
radon emanation coefficient, and the mechanism by which the emanated radon in the
phosphogypsum is released to the air, and the duration of the researcher’s exposure. -




In EPAS2, a small laboratory with relatively poor ventilation (50 m® free volume nd 2 air
changes per hour) was assumed; assumptions that were challenged as overly conservative in
TFI's petition for reconsideration. While recognizing that a typical laboratory would likely
be larger and have a higher the ventilation rate, the Agency believes that it is not
inappropriate when developing a generic exemption to select parameter values which reflect
unfavorable rather than typical exposure conditions. Therefore, for the reassessment, the
laboratory size and ventilation rate are changed only marginally. The laboratory is defined
as 4 m wide by 6 m long by 3 m high with a free air volume of about 58 m’. The
assumption of 2 air changes per hour is retained.

A radon emanation coefficient of 0.2 is used in this reassessment, which is smaller than the
coefficient of 0.3 used in EPA92. The revision reflects the dependence of the emanation
coefficient on the moisture content of the phosphogypsum and the Agency’s belief that
phosphogypsum used in laboratory research and development activities will have a
significantly lower moisture content than phosphogypsum exposed to ambient outdoor
conditions. Similarly, the mechanism for the release of the emanated radon from the
phosphogypsum has been revised. In EPA92, the simple assumption was made that all
emanated radon was released to the laboratory air. This would be possibie if the
phosphogypsum was continuously stirred or aerated or if dry phosphogypsum was spread
widely throughout the laboratory. While such mechanisms are plausibie, the Agency believes
that release of the radon by dlfoSlOﬂ from its storage container (a 55-gallon drum) is a much
more likely mechanism.

To estirnate the concentration of radon in the laboratory, we assumed that the 55-gallon drum

containing the phosphogypsum is left uncovered and that, on average, the drum is half full.

Under these assumptions, the raté at which radon enters the laboratory air can be estimated
using the following equation taken from NRC84:

= 10‘Rp EVAD tanh (x\l_%}

cm*/m?

pCi Ra-226/¢g phosphogypsum

bulk density of phosphogypsum, g/cm
emanation coefficient, dunensnonless
Rn-222 decay constant, sec™

radon diffusion coefficient, cm'/ sec

= diffusion dlstance cm.
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The following values were used for these parametary:
' = 26 pCi/g

= 1.5 g/em?

=02

= 2.1x106 sec-1

= .08 cmnd/sec
=37em
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Ap = drum cross-zectional ares, m?

Q = volurnetric flow rate from room (= aV)
& = air changes per second, sec'!
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estimared concentration of radon in the laboratory is $3 pCUmS. In terms of risk, using the same
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| 23 SUMMARY OF THE RISKS FROM 700 POUNDS OF PHOSPHOGYPSUM

. Summing the risks from the direct gamma exposure and the inhalation of radoa and its decay

- products yields a lifetime risk per ysar of exposure of 1.2E-6. Under the same assumption as was _
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‘order of magnitude lower than the presumptively acceptable level of about 1E-4, the next sisp of
the reassessment was 1o svaluats the potential for exposures that could occur if multiple R&D -
activitics wars conductad in the same laborstory or if ssparats activities were conducted in multiple

laborsories within the same facility. mwmmumﬂmmn -
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3.1 ASSESSMENT OF RISKS FROM MULTIPLE ACTIVITIES IN THE SAME
LABORATORY . .

The exposures that could result from the conduct of multiple ressarch activitias within a single
mmuummmmmdmhommmuw.m
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presumptively safe lifetime rigk level of 1E-4, the potmntial risks from 10 $S-gallon drums (7,000
~ pounds) of phospbogypsum are assessed. (

The potsatial exposure to the direct gamma radistion from the phosphogypsum depends upon the
. storage geometry that is assumed. For the purposes of this assessment, two configurations were
. examined: drums stackad two-high along & single wall; and unstacked drums stored in a
V-configuration along two walls. Thess configurations are depicted graphically in Figures | and
& respectively. For both configurstions, assumptions as to the sourcs streagth for cach drum is
ths same as evaluated in Subsection 2.1. Again, MICROSHIELD was used to calculate the
shislding provided by each configurations and the dose rates 10 2 worker located at 1 meter from

The dose rates for the two configurations are roughly comperabls, 16 mrem/yr for the stacked
configuration of }0 drums, and 17 mrem/yr for the V-configurstion of 10 drums. Risks froma
single-year of exposure to thess gamma levels would bs 5.8E-68 and 6.2E-6, respectively. The less
than linsar increase in the risk is dus t the incresse in the sversge distance from the sdditional
sources. A linesr increass would oaly occur if the worker were ringed with drums, & storage
geometry that is not batisved to be credible. -
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drums, will increase linearly with the number of opea drums in the lsboratory at any given time.
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same timg - &t most, the upper five drums would be opea. This would increass the :3k from radon
by a factor of five. However, for the V-coafiguration, all 10 drums might be opea a%he same
- time. This would result in & 10-fold increase in the risk from inhalation of radon and its decay
products. : _
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3.2 ASSESSMENT OF THE RISKS FROM MULTIPLE LABORATORIES [N THE SAME
 PACILITY | | | .
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. laboratories. (Note: the assumpticn of independeat veating of the laboratories implies that o
additional risk from exposure to radon released in the other labaratories would occur. While this
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To evaluate the actual increass in the gamma exposure, the thickness and materials used to
construct the floors and walls in the facility would have to be known. Whils block walls and ,
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wood framed fioors cannat be totally dismissed. To avoid the uncertainty of the shielding N
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* of the distance, the maximum increase in the gamma exposure would be on the arder of a factor of
two. A two-fold increase in the gamma risk of about 6E-6 combined with the radoa risk of about
JB-Gmldmminaubdmmk&umnmﬂ.ywofmofmun-s. Assuming 10
years exposure at this level would yield a risk of 1.5E4. L
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laborstories in the same facility was evaluated. Under the untikely scenario that activities occur
wmmmm_mamm.hmmm. :
~ single year of exposure is estimated to be 1.5E-S, This is  factor of sbout 13 greatar than the risk.
- from a single 55-gallon drum of phosphogypsumn. : S |
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